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ABSTRACT 


The  standard  Air  P’orca  arctic  clothlrig  vsls  worn  to  determine 
if  it  provided  adequate  head  protection  in  extremely  cold  t^peratures. 
Subjects  were  axpc'sed  to  -62=’C  for  40  to  50  minutes  in  aji  environmental 
chamber.  Posaible  respiratory  problems  and  froatbite  of  the  cheeks 
ard  nose  were  the  primary  concern.  Subjects  resting  or  'Oterciaing 
experienced  no  respiratory  ur  frostbite  problemas.  Air  in  the  hood 
rapidly  approached  ambient  conditions,  because  of  the  expulsive  nature 
of  expiration  am  the  strorig  convective  air  movement.  Exercise 
increased  the  microciiaiate  temperatures  in  the  hood.  The  existing 
hood  design  was  found  to  provide  adequate  head  protection  for  AF 
personnel  at  more  extreme  tamparatures  than  are  normally  encountered 
in  the  Arctic. 


AilHL-F  iJii-  r34- '/  ‘i 


r?frRDDUCTION 


^  .-  --j  V-  ^  J.-  W  ^ 


eridence  tissue  daiu 


frcai  cold 


inspired  air  Is  stl]..  thosi^Ht  to  re  a  p 
snvlponnienta.  Webb  (ref  1}  has  shown  that  there  is  no  danger  of 
insplrirjg  air  at  temperatiu’es  of  -31° 


The  inspired  air  was 
warmed  rapldlj  within  the  na&al  cavities  -ind  soon  reached  b-ody 
temperature.  Ld,ttle  work  has  bean  done  in  extremely  cold  env1_ron~ 
sents,  but  people  do  work  in  the  Antarctic  wtien  tasiperaturss  are 
below  ~bXj^  C  for  short  periods  (ref  2).  Under  these  coiKHtions, 
face  masks  are  normallj  worn.  This  investigation  was  conducted  to 
determine  if  the  standard  Air  Force  arctic  clothing  parka  hood 
(without  a  face  mask)  would  adequately  protect  a  person  at  ambient 
temperatiires  of  -62“  C  for  a  period  of  time  ~  40  minutes.  Possible 
respiratory  problaiss  and  frostbite  of  the  cheeks  or  nose  were  the 
primary  concern.  In  addition,  clothing  designers  had  always  claimed 
that  the  fujunel  shape  of  the  hood  srbanced  protection  against  frost¬ 
bite  by  entrapping  warm  air^  which  provided,  a  buffer  agai.nst  the 
extreme  cold  temperatures  of  pne  euvironment .  A  aimpxe  way  to 
validate  this  claim  was  devi.sed. 


fffiTHODS 


Five  subjects  were  exposed  to  a  temperature  of  -62**  C  for  periods 
of  40  to  50  minutes  in  an  environmental  chanber.  These  subjects  were 
dressed  in  the  standard  Air  Force  arctic  clothing  ’■.’hich  consisted  of: 
shorts,  t“Shirt  (0.2  waffleweave  uMerwear  (0.9  olo),  1-plece 

coveralls  (’JWIJ-4/P-l,  2  do),  parka  fN-3)  with  the  hood  zipped  up, 
heavy  pants  (F-IB)  (1.8  do),  2  pa,irs  of  wool  socks,  arctic  mukluk 
c-ssembly  (1.8  do),  arctic  ml-ttens  (N-3B,  1.0  olo),  and  pile  cap. 

Durijig  the  first  30  minutes  of  the  cold  exposure,  the  subjects 
stood  at  rest  ad  breathed  normally.  Then  the  subject  exercised  by 
walking  back  and  forth  in  the  chanber.  I^ter,  four  of  the  five 
subjects  exercised  strenuously  by  running  in  place  as  hard  as  they 
were  able  for  3  minutes.  Temperatures  were  recorded  at  the  end  of 
the  exercise.  All  subjects  continued  breathing  through  the  nose 
during  the  various  exercise  regimes. 


1.  Webb,  P. ,  "Air  Temperatures  in  Respiratory  Tracts  of  Resting 
Subjects  in  Cold,"  J.  Appl.  Physiol.  4:378-382,  1951. 

2.  Milan,  F.A.,  Thermal  Stress  in  the  Antarctic.  AAL  TR-60-10, 

Arctic  Aeromedical  Lab.,  Ft.  Wainwright,  Alaska,  1961,  AD-260-213. 
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Air  and  skin  t«aper  at  urea's  were  mordicred  by  IT  thenr&coiiples 
and  recorded  with  a  potenticaneter.  The  accuracy  of  these  measiirsments 
wae  l.O”  C.  Temperatures  were  monitored  b  nr-.  inside  the  nasal 
vestibule,  to  .aonitor  inspired  and  eccpired  air  testsperatures ;  on  the 
side  ef  the  nose  (superior  alae):  arai  10  other  thermocouples  were 
placed  on  a  piece  of  cardboard  extending  through  the  parka  hoed 
opening  at  intervals  of  2^  rrr.  from  the  sheak  for  a  distance  of 
?5C  ras(fig.  1).  The  oper4i;j,3  of  the  hood  was  liO  tm:  away  from-  the 
cheek.  The  air  motion  vdthin  the  chamber  was  less  than  26  m  per 
minute. 


RESULTS  ilNB  DISCUSSION 


The  eafperlmental  da-ta  are  tabulated  in  table  1.  Air  temperatures 
within  the  hood  are  shown  in  flgxire  2.  The  s'ubjtecte  did  not  eccperience 
any  respiratory  problffln,  even  during  hard  exercise.  The  coldest  in¬ 
spired  air  t«nperatxire  was  11'’  C.  The  coI.dest  skin  tessperatiure  on 
the  side  of  the  nose  (superior  alae)  was  7°  G,  w'hlch  ’was  slightly 
„Ov»l«r  than  the  inspired  air  temperatures.  No  pain  or  dlscosufcrt 
vas  experienced  by  the  subjects  during  these  experiment s .  While 
standing  at  rest,  the  air  taciperature  25  “as  from  the  cheek  reached 
-22®  G  within  20  minutes.  At  a  distancfj  of  50  net,  air  temperatures 
of  -50®  C  wore  recorded,  At  distances  of  05  [j-jn  or  farther  away  from 
the  face,  but  still  within  the  hood  opening,  temperatures  rapidly 
approached  ambient  levels.  The  sharp  temperature  drop  of  air  within 
the  hood  dTiring  the  first  few  minutes  of  the  experiment  re  stilts  from 
the  loss  of  heat  stored  in  the  clothing,  and  equiLibri'om  is  reached 
by  15  or  20  minutes.  Ixercise  Increased  the  air  temperatures  within 
the  parka  hood.  Evidence  frean  tne  Schlieren  technique  ireliaate  that 
the  observed  air  temperatures  reflect  the  microclimate  air  layer 
surrounding  the  body  and  convective  activity.  The  hood  opening 
affords  the  lowest  resistant  pathway  for  convective  loss  and  this 
loss  increases  as  the  t amperature  decreases.  Also,  Keating  (ref  3) 
has  found  that  the  normal  exprulsive  process  of  expiration  carries 
air  to  a  distance  of  one  meter  from  a  person  when  the  pathway  is 
unobstructed.  Because  of  these  factors,  the  turbulent  air  prevents 
any  appreciable  pooling  or  pocketing  of  warm  air  within  the  funnel 
of  the  hood. 


CONCLUSION 


No  respiratory  or  frostbite  problems  were  encountered  when 
subjects  wearing  standard  Air  Force  arctic  clothing  were  exposed  to 


3.  Keating,  D.A.,  K.  Weiswurm,  and  G.'W.  P’ilson,  Movement  of 

Resplrea  Ga:  in  Manned  Space  Enclosures.  .Aerospace  Med.  35(3): 
272',  (Abstr.)  1964.  ‘ 
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a  tesiperattire  oi 


62"  C  for  periods  of  40  tc  50  ad.nuteE 


There 

entrap’Dsd 


inspired  air*  teraperstyres  wrre  within  the  coafcrt 
does  not  appctar  to  b@  an  appreciabla  quaj'itity  cf  vanx;  ai 
within  the  hood  ag  previously  tl'iou^ht,  but  a  rapid  tiirnover  occurs 
within  this  space  because  of  the  expulsive  nature  of  ^sxpl^atic^  imd 


strong  convectlre  air  «cvsir.ent. 
through  the  clothing  arxi  out  the 


hood  opening 


f*.  f*  ^  ^ 

is  sufficient  te¬ 


en;  up 
laaintal-j'j 


air  temperatv4res  above  -25'  C  at  %  distance  of  25  nun  fros  the  cheek. 
The  thickness  aral  temperature  of  this  boundary  layer  of  w&rsi  air 
appears  to  be  increased  during  exercise,  A  barrier  could  be  devised 
to  impede  the  heat  less  from  the  hocc  b  ;t  it  •A'ould  deersase  the 


already  Limited  visual  field.  Thus,  the  existing  hood  design  In 
Air  Force  arctic  parkas  provides  adequate  protection  at  t^eperatures 
iKuch  more  extras  than  nonaaily  encountered  by  Air  Force  personnel 
In  the  Arctic. 
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TABLE  1 


AVERAGE  RES^TRATOSy  AM)  MICROCIJM,'-,TE  TEMPF?' tURES  (“C) 


Nasal 
?e&  .'bule 
(6  mm) 

Superioi 

alae 

25 

50 

Distance 
75  100 

Location 

c-my  from  cheek  (m) 

150  175  200 

225 

250 

STANDING  AT  REST 

0 

27-29 

27 

23 

17 

-7 

-20 

-28 

-31 

-32 

-34 

-37 

-39 

± 

21-24 

24 

16 

10 

-x6 

-35 

-40 

-42 

-43 

-44 

— 46 

-49 

2 

22-27 

24 

17 

7 

-17 

-36 

-43 

-44 

-42 

-42 

-49 

-52 

3 

22-26 

22 

12 

4 

-23 

-44 

-50 

-51 

-51 

-50 

-54 

-56 

4 

19-25 

22 

9 

-3 

-28 

-45 

-53 

-54 

-52 

-53 

-56 

-58 

5 

21-25 

21 

6 

-7 

-34 

-56 

-56 

-57 

-56 

-56 

-58 

-60 

6 

22-25 

21 

2 

-12 

-36 

-53 

-57 

-58 

-57 

-57 

-58 

-60 

7 

20-26 

20 

-1 

-16 

-40 

-55 

-59 

-59 

-59 

-59 

-60 

-61 

8 

22-26 

19 

“4 

-20 

-43 

-56 

-60 

-60 

-60 

-60 

-61 

-61 

9 

19-24 

18 

-8 

-22 

-44 

-57 

-60 

-60 

-60 

-60 

-61 

-61 

10 

21-25 

18 

-9 

-2? 

-47 

-58 

-60 

-60 

-60 

-61 

-61 

-61 

15 

18-23 

16 

-17 

-36 

-53 

-60 

-61 

-61 

-61 

~6l 

-61 

-61 

20 

17-22 

14 

-22 

-43 

-56 

-60 

-61 

-61 

-61 

-61 

-61 

-61  1 

25 

17-22 

14 

-23 

-47 

-57 

-60 

-61 

-61 

-61 

-61 

-61 

-61 

.30____. 

16-21 

14 

-42__ 

-58 

-60 

-61 

-61 

-61 

-61 

-61 

-61 

in 

; 

WALKING 

32 

17-21 

12 

-22 

-50 

-58 

-61 

-61 

-61 

-61 

-62 

-62 

33 

16-19 

12 

-21 

-48 

-58 

-61 

-61 

-62 

-62 

-62 

-62 

-62 

34 

15-19 

12 

— 2X 

-47 

-58 

-61 

-62 

-62 

-62 

-62 

-62 

-62 

35 

16-19 

12 

-18 

-47 

-58 

-61 

-62 

-62 

-62 

-62 

-62 

-62 

36 

13-18 

12 

-18 

-4',’ 

-58 

-6: 

-6r 

-62 

-62 

-62 

-62 

-62 

37 

15-18 

12 

-16 

-46 

-59 

-6' 

-62 

-62 

-62 

-62 

-62 

38 

13-17 

11 

-16 

-46 

-59 

-6_ 

2 

-62 

-o2 

-62 

-62 

-62 

39 

14-18 

11 

-16 

-46 

-59 

-61 

-62 

-62 

-62 

-62 

-62 

-62 

40 

14-18 

11 

-16 

-46 

-59 

-61 

-62 

-62 

-62 

-62 

-62 

-62 

41 

14-17 

11 

-16 

-46  . 

■■-59 

-61 

-62 

-62 

-62 

-62 

-62 

-6r^ 

STRENUOUS  EXERCISE 

imia 

Mi 

13-16 

7 

3 

-38 

-57 

-60 

-61 

-61 

-62 

-62 

-62 

-62 

■ 

DEEP  BREATHING  AT  REST  (4  mins) 

50 

IHIHI 

13 

- 

- 

- 

- 

- 

- 

- 

* 

- 

- 
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13  A8STWACT 


The  standard  Air  Force  arctic  clothing  was  worn  to  determine  if  it  provided 
adequate  head  protection  in  extremely  cold  temperatures .  Subjects  were 
exposed  to  -62'’C  for  40  to  50  minutes  in  an  environmental  chamber.  Possible 
respiratory  problf^ms  and  frostbite  of  the  cheeks  and  nose  were  the  primary 
concern.  Subjects  resting  or  exercising  experienced  no  respiratory  or 
frostbite  problems.  Air  in  the  hood  rapidly  approached  ambient  conditions, 
because  of  the  expulsive  nature  of  expiration  and  the  strong  convective 
air  movement.  Exercise  increased  the  microclimate  temperatures  in  the 
hood.  The  existing  hood  design  was  found  to  provide  adequate  head  pro¬ 
tection  for  AF  personnel  at  more  extreme  temperatures  than  are  normally 
encountered  in  the  Arctic. 
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